In vitro inactivation of methionine synthase by nitrous oxide.
Nitrous oxide (N2O) is commonly used as an anesthetic agent. Prolonged exposure to N2O leads to megaloblastic anemia in humans and to loss of methionine synthase activity in vertebrates. We now report that purified preparations of cobalamin-dependent methionine synthase (5-methyltetrahydrofolate-homocysteine methyltransferase, EC 2.1.1.13) from both Escherichia coli and pig liver are irreversibly inactivated during turnover in buffers saturated with N2O. Inactivation by N2O occurs only in the presence of all components required for turnover: homocysteine, methyltetrahydrofolate, adenosylmethionine, and a reducing system. Reisolation of the inactivated E. coli enzyme after turnover in the presence of N2O resulted in significant losses of bound cobalamin and of protein as compared to controls where the enzyme was subjected to turnover in N2-equilibrated buffers before reisolation. However, N2O inactivation was not associated with major changes in the visible absorbance spectrum of the remaining enzyme-bound cobalamin. We postulate that N2O acts by one-electron oxidation of the cob(I)alamin form of the enzyme which is generated transiently during turnover with the formation of cob(II)alamin, N2, and hydroxyl radical. Generation of hydroxyl radical at the active site of the enzyme could explain the observed irreversible loss of enzyme activity.